Methods for the study of cartilaginous airways represent technically very laborious and time-consuming procedures, many of these with the inevitable disruption or elimination of the distal bronchi and bronchioles. We describe and illustrate a methodology to demonstrate the cartilaginous support of the most distal intrapulmonary airways in hemisections or slabs of whole-, fixed-lung specimens. By this process, the cartilaginous framework of intrapulmonary air passages is highlighted and their outlines are defined. An important and distinct benefit of our procedure is the preservation of the alveolar parenchyma, vasculature and pleura, serving as an anatomic structural context. This improved methodology is based on procedures used in the past, now applied to entire half-sections or slabs of lungs, stained with toluidine blue, subsequent removal of stain from noncartilaginous elements and finally clearing of the specimen. The procedure takes 7-8 days but with limited technical -manual involvement. The resulting specimens demonstrate a highly complex, variable and at times, even unpredictable distribution of cartilage throughout the bronchial anatomy. This method represents a practical way of studying intact, this vital component of the respiratory tract. It also allows assessment of the potential implication of these critical smaller pathways in pathologic conditions, where thus far they have been under-studied.
The lord God formed the man from the dust of the ground and breathed into his nostrils the breath of life, and the man became a living being. Genesis 2:7
The study of the gross structural characteristics of the airways has been the subject of detailed and meticulous analysis. Over the past 60 years, various landmark publications focusing on their cartilaginous framework have been published. [1] [2] [3] [4] [5] [6] [7] [8] These studies have used gross dissection, serial section reconstruction and or staining/clearing methods, most of them necessarily examining only the trachea and the most proximal bronchial generations. Many of these procedures have cumbersome specimen preparation requirements and prolonged procedural times. The highly detailed contributions of Miller and of Hayward and Reid are still the main references in the descriptions and study of intrapulmonary bronchial cartilage anatomy. 1, 4, 7, 8 We have adapted a method used in the past for tracheo-bronchial tree staining, 5, 6, 9 developed and utilized it to visualize the intrapulmonary airways in-situ, with the benefit of preservation of the supporting alveolar parenchyma, pulmonary vasculature and pleura, all these serving as structural and topographic references.
We are unaware of any written or illustrated documentation of this methodology in the English literature.
Materials and methods

Lung Specimens
Eight lungs were selected from the tissue archives in the division of anatomic pathology from our institution (Table 1) .
The specimens selected for study had been initially cut in a suitable plane and consisted of light, crepitant lungs devoid of any significant infiltrative process or cellular consolidation; hemorrhagic lungs without areas of induration or infarction were also used. Photographs were taken at least 2 days after completion (Figure 1c ).
Photographic Imaging and Illustration
For illustration purposes, we trans-illuminated the specimens by using a fluorescent lamp (total 200 W) background under white translucent Plexiglasst Digital images were taken with a Nikon Coolpix 990-3.4. megapixel digital camera, set at aperture priority. These images were downloaded into Adobe s Photoshop s v 6.0 (Adobe Systems Incorporated, San Jose, CA, USA) and adjusted for optimum clarity and true color using Photoshop's 'levels' and 'color balance' controls. Some were also converted to grayscale images.
Results and findings
We were able to successfully visualize the intrapulmonary bronchial anatomy and cartilaginous structure distribution present in all specimens submitted for staining. From the variable results of parenchymal color and transparency, we determined that the critical steps in our procedure are: (a) hemolysis by hydrogen peroxide and (b) the gradual decolorization of the specimens.
Insufficient hemolysis results in a strong dark amber color or residual opaque brown pools of blood in the final cleared specimen, and/or inability to decolorize satisfactorily; this was resolved by reprocessing the specimen back to 70% ETOH and then re-hemolyzing in H 2 O 2 for at least 24 h.
Inadequate decolorization results in a dark greenblue translucent parenchyma; conversely, a very rapid decolorization, particularly using higher acid concentrations or longer exposure to them, results in inevitable fading of the stain within the cartilaginous structures, decreasing their desirable contrast.
The major disadvantage of our procedure is the fact that there is a limit in lung thickness, no greater than 1.5 cm, beyond which the lung parenchyma cannot be made clear enough to allow satisfactory visualization of the airways. When the whole bronchial tree is to be studied, careful planning by isolation of lung segments or preparation of serial slabs should overcome this limitation. The actual appearance of the specimens is more dramatic than what is apparent in some of our illustrations. 
Discussion
Techniques for gross demonstration and staining of cartilage and bony skeleton have been used for many years. [10] [11] [12] The specific application of these techniques to the upper and lower airways was suggested by Moreira da Rocha in 1917 13 and appears utilized and illustrated for the first time in various, more recent publications. 5, 6, 9, 14 The gross and microscopic study of the intrapulmonary bronchial cartilaginous support has been the subject of interesting studies, both of the normal anatomy and pathologic conditions. [3] [4] [5] [7] [8] [9] [14] [15] [16] [17] [18] [19] Our findings confirm previously documented characteristics of the pulmonary bronchial tree regarding the irregular branching patterns and the variability of their cartilaginous support. 4, 7, 8 As described in those publications, the most proximal intrapulmonary bronchial cartilaginous support is not only by isolated cartilaginous formations but also may consist of a mesh-like cartilaginous sleeve ( Figure 2 ). Individual cartilage structures are complex-shaped formations as opposed to regular plates and their distribution distally is that of very irregularly widely spaced structures, some at the mouth of emerging lateral bronchial branches, some at points of acute angle bifurcation and others within the length of the airway, extending to within a few generations of the pleural surface ( Figure  3a,b) . The axial pathways certainly have continuous cartilaginous support in several generations, but many of the generations referred to as 'wide angle' are entirely devoid of cartilage (Figures 2 and 3) . This variability suggests that there is a unique pattern of cartilaginous infrastructure, selective development and increase in the size of cartilage formations as the bronchi elongate and the alveolated lung continues to grow, expand and specialize during infancy and childhood; the number of cartilaginous structures is already established at birth 4 ( Figure 4a-d) . Visualization of the intrapulmonary airways enables a rapid assessment of airway stability in conditions where this may be in question; it also permits the potential of finding bronchial wall support deficiencies in many unsuspected disease states. This was beautifully illustrated by Stovin in 1959 and by Campbell 10 years later, in their dissected airways studies of 'congenital lobar emphysema'. 9, 14 For additional studies in human embryos or very small animals, whole lungs may be used, as shown by Vanpeperstraete in 1973 and Valerius in 1998 without major difficulty, and by using our methodology, avoiding the need for maceration and loss of structural detail. 6, 18 For the study of larger lungs then the use of whole-lung slabs is preferable.
In conclusion, the variability of cartilage configuration in proximal segmental airways, the presence of isolated cartilage formations in very distal air passages and the variable spectrum of cartilaginousformation density and configuration between pulmonary lobes and segments appear to be distinctive characteristics of the human lung ( Figure 5 ). 18 The role that the intrapulmonary cartilage infrastructure serves in airway and respiratory dynamics and their disease states remain to be explored further. Figure 5 Artistic rendition of bronchial cartilaginous support in distal airways; the completely isolated and remote islands of cartilage in very distal bronchial generations suggest that they remained in place and became modified as the bronchus pathway elongated during development; their residual placement also suggests a role in respiratory dynamics.
